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```   
Abstract-- In this review paper, we report the 
characteristics of the critical current density in FeAs based 
superconductors which is newly discovered by Hosono group 
of Tokyo Institute of Technology on 2008.  Since the many 
specimens in present stage are not single crystals, there are 
two kinds of critical current density observed in the 
specimens which are so-called local and global critical 
current densities. Therefore, it is necessary to evaluate both 
kinds of critical current densities. The history effect in which 
the global critical current density shows different values in 
increasing and decreasing magnetic field is also observed 
when the specimens have the local and the global critical 
current densities. The wire which critical current is 180 A is 
successfully developed with using the knowledge of 
abovementioned characteristics of two kinds of critical 
current densities and the history effect.  
 
1. INTRODUCTION 
 FeP-based superconductor was found on 2006 by 
Kamihara et al. of Tokyo Institute of Technology [1]. Fe 
was believed not to be suitable to superconductivity. 
However, it was not attractive, since the critical 
temperature was only around 3 K, and it is too low for 
practical applications. On February 2008, same group 
reported that the FeAs-based superconductor which critical 
temperature was 22 K [2]. Soon after, SmFeAsO 
(Sm-1111) was found by Chinese group on May 2008 and 
its critical temperature was 55 K [3]. Because of its high 
critical temperature, much more attentions were focused 
on FeAs-based superconductors. Many fundamental 
research works for practical application were performed 
such as superconducting wires [4—6], superconducting 
thin films[7—9], Josephson junctions [10, 11].   
For engineering practical applications, it is essential to 
have enough high critical current density above      A/m2. 
However, since specimens are sintered bulk, there are two  
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kinds of critical current density in the specimens. They are 
so-called local and global critical currents. That is, the 
connection between the grains in specimen is too week to 
carry large current, and the global critical current density is 
far lower than the local critical current density which flows 
only inside the grain. They are also called intra- and 
inter-grain shielding current density. It is essential to 
measure both local and global critical current densities, 
because the local critical current density will be achieved 
when the specimen will be prepared as single crystalline in 
near future which is already done in RE-123 (RE: Rare 
Earth) superconducting coated wire. Moreover, the global 
critical current is corresponding to transport critical current 
density which is usually measured by four probe method. 
In the present study, the local and the global critical current 
densities are measured by two measurements. 
It is well known that the critical current density shows 
different values in increasing and decreasing magnetic 
field [12]. It is called history effect. The critical current 
density in decreasing magnetic field is higher than that in 
increasing magnetic field. This is caused by the existence 
of two kinds of the critical current densities. That is, the 
global critical current density which flows between the 
grains is affected by the magnetic field induced by the 
local critical current density which flows inside the grains. 
Then, the direction of the magnetic field changes 
according to increasing and decreasing magnetic field. In 
the present study, the history effect is used for evaluation 
of the local and the global critical current densities. 
The critical current density is determined by the pinning 
strength. And the pinning strength is proportional to the 
product of the pinning efficiency, the size of pin, the 
density of the pin and the condensation energy density. For 
example, the value of the condensation energy density of 
Nb-Ti is          J/m3  at 0 K and is  5 times smaller than  
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that of Nb3Sn. Therefore, it is essential to improve the 
pinning efficiency to obtain high critical current density by 
introducing complicated form of -Ti as the pinning 
centers for practical Nb-Ti wire. Therefore, it is necessary 
to estimate the condensation energy density of Fe-based 
superconductor, since the condensation energy density 
determined the performance of the critical current density 
of the material. In addition, the condensation energy 
density is a key to understand the future potential of the 
critical current density. In this report, the condensation 
energy density is estimated from the characteristics of the 
critical current density before and after the heavy ion 
irradiation which produces the artificial columnar shape 
pinning centers in the specimens. 
Finally, the superconducting tape fabricated by PIT 
(Powder in Tube) method is introduced. The critical 
current reaches 180 A at 4.2 K in self-magnetic field. 
 
2.  LOCAL AND GLOBAL CRITICAL CURRENT 
DENSITIES 
2.1.  Experiments and Analysis 
The samples were polycrystalline Sr0.6K0.4Fe2As2 
((Sr,K)-122) superconductors prepared by a one-step solid 
state reaction method [13, 14]. One was pure sample and 
other samples were prepared with addition of Ag of 10 and 
20 wt%. Table 1 shows the specifications of these samples. 
The typical sample size is w = 2 mm width, l = 3 mm length 
and t = 1 mm thickness. 
The critical temperature, Tc, was determined as the onset 
temperature of magnetic moment in field cool and zero 
field cool processes. The critical temperatures of the 
samples are almost the same as 34 K. The microstructures 
of the samples were examined by scanning electron 
microscopy (SEM) [14]. The distributions of powder size 
in both samples were estimated by using so called line 
intercept method from SEM observations. 
The local and global critical current densities are 
estimated by the observation result of remnant magnetic 
moment mR at zero external magnetic field  after an 
excursion of the magnetic field up to the maximum value 
Hm [15] . The external magnetic field is applied 
perpendicular to the wide surface of the sample.  It is 
assumed that the observed remnant magnetic moment of 
the sample is composed of mR1 for the current flowing 
uniformly through the slab sample and mR2 for the current 
flowing in grains approximated by a sphere of radius r. The 
global shielding critical current density Jcg is related to mR1, 
and the local shielding critical current density Jcl related to 
mR2. According to Bean’s model, Hm dependence of mR1 is  
 
Table I 
SPECIFICATIONS OF SAMPLES. 
Sample Tc [K]  '
pure 34.3 0.3 0.70 
10 wt.% Ag 34.4 1.0 0.55 
20 wt.% Ag 34.4 1.0 0.55 
given as 
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where Hp1 = Jcgw/2 is the penetration field of the slab 
sample. The derivative with respect to the maximum field 
Hm is given as 
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Since dmR1/dHm shows a peak at Hm = (l/w + 1)Hp1/3, the 
shielding current density through the whole size of samples, 
Jcg, can be estimated from the measured Hp1. 
On the other hand, mR2 is given as 
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where Hp2 = Jclr is the penetration field of the grain. The 
derivative with respect to Hm is given as 
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In the above, dmR2/dHm shows a peak at    
               Therefore, Jcl, intra-grain shielding 
current density, in the grain can be estimated from the 
measured Hp2. 
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The whole magnetic moment of two kinds of currents 
mR is given as 
             
 
where Nl is the number of grains in the sample. Nl is 
approximately given by 
 
   
  
  
  
     
    
                                                                    
 
where f is the filling factor,        and       
    
are volumes of slab sample and spherical grain, 
respectively. In this study, mR was measured as a function 
of Hm using a SQUID magnetometer. 
As the diameter of powder      is distributed in 
polycrystalline samples, it is assumed that D is statistically 
distributed, obeying the function: 
 
     
 
       
   
             
    
                             
 
where  is the average size of the diameter of powder, 
and    is the standard deviation of the diameter of powder 
in logarithmic normal distribution. Then, the remnant 
magnetic moment m’R2 is given by  
 
   
                                                         
 
 
 
 
The derivative dm’R2/dHm has a peak at some magnetic 
field Hmp as shown in Fig. 1 of Ref. [6], which is larger 
than the peak magnetic field Hmp. It means Jcl simply 
estimated from the average of the powder size using Eq. 
(4) is overestimated, and it is necessary to take account of 
the distribution of the powder size. 
Fig. 1 shows the relationship between the derivative of 
the remnant magnetic moment and the external maximum 
magnetic field for Ag 20wt.% added sample. Two peaks 
were clearly observed while only one peak was observed in 
pure sample. According to Eqs. (2) and (4) the peak of 
dmR/dHm, at smaller Hm is related to the global critical 
current density and the peak at larger Hm is related to the 
local critical current density. However, only one peak was 
clearly observed in pure sample. According to the value of 
the derivative and Eqs. (2) and (4), this peak is related to 
the local critical current density. 
Fig. 2 shows ’ dependence of the ratio of the apparent 
local critical current density to the true local critical current 
density, Jc’/Jc. The ’ dependence of Jc’/Jc is the same for 
 in the range of 0.1–1.0 m. Apparent Jc’ and true Jc is the 
same at ’ < 0.1. That is, the effect of the distribution of the 
powder size is small. On the contrary, Jc’/Jc increases with 
increasing ’ for ’ > 0.1. The apparent Jc’ is 
overestimated by ten times or more at about ’ = 1 and the 
effect of distribution of powder size becomes significant. 
Fig. 3 shows the temperature dependence of the local 
and global critical current densities for various samples. 
The true local Jc estimated from the result of Jc’/Jc in Fig. 2 
is shown in Fig. 1. True Jc is decreased by about three 
times by the Ag addition. The difference of local critical 
current density for two samples becomes small due to 
consideration of the effect of the distribution of the powder  
2.2. Results and Discussion 
 
 
 
Fig. 1. Derivative of remnant magnetic moment as a 
function of maximum external magnetic field at various 
temperatures in sample with Ag 20wt.% added. 
 
 
 
Fig. 2. Ratio of true and apparent critical current densities, 
Jc’/Jc, as a function of standard deviation '. 
 
 
 
Fig. 3. Temperature dependence of the local and global 
critical current densities for sample #1(pure), #2(10wt.% 
Ag added), #3(20wt.% Ag added). 
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size. However, the reason for lower Jc in Ag addition is not 
clear. Since the effect of the distribution of powder size is 
large, it is important to take into account of the distribution 
of powder size on estimation of the local critical current 
density for ’ > 0.1. It is considered that the correction of 
local critical current density for the effect of distribution of 
powder size can be neglected for ’ < 0.1 which can be 
achieved by preparation of samples with small distribution 
of the powder size. 
 
3. HISTORY EFFECT IN CRITICAL CURRENT 
DENSITY 
3.1. Experiments and Analysis 
In this section, two kinds of samples, i.e., 
Sr0.6K0.4Fe2As2+Ag and Sr0.6K0.4Fe2As2+Pb, were prepared 
and the history effect in the critical current density was 
measured. The samples were formed into slabs with a 
typical size of 3.0 mm
(w)×0.6 mm( t) ×8.0 mm(l). The 
critical temperature Tc obtained by ac susceptibility 
measurement was confirmed to be about 34 K for both 
samples.  
The critical current densities of the bulk samples were 
measured and estimated by Campbell’s method [16]. As 
one of the measurements dealing with the electromagnetic  
properties in superconductor, Campbell’s method 
measures the penetrating ac flux in superconductor 
corresponding to the applied dc and variable ac magnetic 
fields. By analyzing the measured ac flux profile and ac 
magnetic field bac vs. penetration depth λ’ curve, one can 
derive not only the critical current density but also the 
relationship between the force on and the displacement of 
the flux lines. In this study, we focused our attention on the 
estimation of global and local Jc in bulk samples, i.e., only 
the critical current characteristics were derived and 
estimated. In the measurements, the temperature of 
 
 
 
Fig. 4. Magnetic field dependence of local Jc in (Sr,K)-122 
samples with 10wt.% Pb or Ag addition. The corrected 
curves in which the distribution of the grain size are shown 
by solid ((Sr,K)-122  + Pb) and dashed ((Sr,K)-122  + Ag) 
lines, respectively. 
  
Fig. 5. Magnetic field dependence of global Jc in 
(Sr,K)-122 samples with 10wt.% Pb or Ag addition. The 
close and open symbols denote the processes of magnetic 
field increasing and decreasing, respectively. 
 
samples was varied within the range of 18 K – 35 K, while 
the magnetic field was up to 8 T. The frequency and the 
maximum amplitude of the ac magnetic field in 
Campbell’s method were 97 Hz and 10 mT, respectively. 
3.2. Results and Discussion 
The magnetic field dependence of local critical current 
density for both samples is shown in Fig. 4. The value is in 
order of 10
10
 A/m
2
 and is same to the result described in the 
previous section. That is, the local critical current density 
is measured by two kinds of measurement, and the results 
are the same. 
Fig. 5 shows the magnetic field dependence of the 
critical current density in both samples. The close and open 
symbols denote the processes of dc magnetic field 
increasing and decreasing, respectively. As the data show 
clearly, unlike the local Jc characteristic, global Jc remains 
at an extremely poor property, and there is no apparent 
difference in global Jc between the samples with Pb and Ag 
additions. On the other hand, a significant history effect, 
i.e., global Jc takes a smaller value in the increasing dc 
magnetic field process than that in the decreasing one. 
Such a history effect could not be observed in local Jc. This 
behavior has been also observed in some other 
superconductors [12, 17]. It was explained as a result 
caused from a superconducting micro-bridge structure, in 
which the super current flowing through the micro-bridge 
experiences a different magnetic field from the applied one, 
because of the demagnetizing field of the superconducting 
banks on each sides of the micro-bridge. In our case, the 
poor property of weak-link between the grains in 
superconducting polycrystalline (Sr, K)-122 can be 
regarded as the superconducting micro-bridge structures, 
and thus causes the significant history effect. 
To investigate the history effect in detail, a variation of 
global Jc was measured after the sample experienced an 
excursion of magnetic field applying, i.e., applying a larger 
magnetic field (Be) and then reducing it to a certain value 
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Fig. 6. Variation of global critical current density due to 
the magnetic field excursion at B0 = 0.02 T. 
 
 (B0). Fig. 6 shows the experimental obtained result. Global 
Jc varies from a low value (corresponding to the increasing 
field process) to a high value (corresponding to the 
decreasing field process) under a field excursion no less 
than Be = 0.2 T. According to the hypothesis on the history 
effect mentioned above and the basis of the critical state 
model, Be approximately equals to μ0 Jcl g, where g 
is the grain size and Jcl is identical with the value of local Jc 
at B0 = 0.02 T and T = 25 K. By using g = 2.5×10
-6
 m and Be 
= 0.2 T, Jcl can be easily derived as to be 6.37×10
10
 A/m
2
, 
which turned out to be consistent with the value of Jcl 
shown in Fig. 4 which is measured by Campbell method. 
 
4. CONDENSATION ENERGY DENSITY 
4.1. Experiments and Analysis 
Specimens were single crystalline Ba(Fe1-xCox)2As2 
grown by FeAs/CoAs self-flux method. The concentration 
of Co was determined by EDX measurements as 
Ba(Fe0.93Co0.07)2As2. The critical temperature was T c = 24  
K measured by the temperature dependence of 
magnetization in field-cooled and zero-field-cooled by a 
SQUID magnetometer. The heavy-ion irradiations of 200 
MeV Au was performed along c-axis using the TANDEM 
accelerator in JAEA.  The heavy iron irradiations created 
columnar defects in the specimens. The matching magnetic 
field, B is 2~T in all irradiations. The critical temperature 
does not change appreciably after the heavy-ion 
irradiations. The critical current density is estimated from 
the magnetic field dependence of the magnetization 
measured by a SQUID magnetometer. Further information 
is reported in references [18].  
 
4.2. Results and Discussion 
Fig. 7 shows the result of the magnetic field dependence 
of the critical current density of the Co doped Ba-122 
sample before and after the Au heavy ion irradiation. The 
critical current density after the irradiation increases 6—7 
times as large as that of before the irradiation from 2—20 
K at low magnetic fields.  Hence, the columnar defects 
 
 
Fig. 7. Magnetic field dependence of Jc in Co doped 
Ba-122 sample before (open symbol) and after (closed 
symbol) the Au heavy ion irradiation.  
 
 
 
Fig. 8. Reduced temperature dependence of condensation 
energy density in various superconductors, Y-123 [20], 
Bi-2212, Bi-2223 [19].  
 
are successfully introduced in the specimen and work as 
strong pinning centers. Then the condensation energy 
density is evaluated from the results of the critical current 
density. The further information for the theoretical 
calculation is described in reference [19]. 
Fig. 8 shows the temperature dependence of the 
condensation energy density of the sample and various 
superconductors [19, 20].  The value at low temperatures is 
lower than those of cuprate superconductors, since the 
critical temperature and the upper critical field of Ba-122 
are slightly smaller than those of the cuprate 
superconductors. However, the temperature dependence of 
the condensation energy density is close to that of Y-123. 
It is considered that the temperature dependence and the 
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value of the condensation energy density are closely 
related to the anisotropy parameter, a, which is the ratio of 
the coherence length along a-b plane and c-axis and 
reported as ~2 [21], while it is known as a ~ 7 for three 
dimensional Y-123. Hence, it is expected to use Ba-122 at 
high temperatures near Tc for future applications. 
 
5. DEVELOPMENT OF WIRE AND 
ENHANCEMENT OF CRITICAL CURRENT 
The world first wire of FeAs-based superconductor 
(La-1111) was reported on October 2008 [4]. Although, it 
was found that the wire showed the zero resistivity at 
around 20 K, the superconducting transport current was 
not observed.  However, superconducting shielding current 
was confirmed by the magnetic measurement. Therefore, 
the contact between the iron sheath and the superconductor 
is considered to be imperfect.   
Wang et al. reported that the sheath material is crucial to 
obtain transport superconducting current in PIT (Powder in 
Tube) method for FeAs-based superconductor. They found 
that the Ag sheath is the best sheath material for the 
fabrication of high-performance tape and wire. Fig. 9 
shows the magnetic field dependence of the critical current 
density for pure and Ag added (Sr, K)-122 samples at 4.2 K. 
Although the critical current density is in order of 10
3
 
A/cm
2
 and the critical current is only 9 A, the critical 
current density is almost constant after rapid decrease at 
low magnetic field. The order of transport critical current 
density is same to the result of global critical current 
density as shown in Fig. 3. Therefore, the global critical 
current density is successfully estimated from the remnant 
magnetic moment method. The reason for the rapid 
decrease at low magnetic field is attributed to the weak link 
between the grains in the sample. Therefore, the history 
effect is also observed in the measurement of transport 
superconducting current. The critical current density is 
largely enhanced by addition of Ag to (Sr, K)-122. This 
result is also consistent to the result shown in Fig. 3. 
 
 
 
Fig. 9. Magnetic field dependence of transport critical 
current density for pure and 20 wt.% Ag added samples at 
4.2 K. The critical current is 9 A at 4.2 K in self-magnetic 
field. [22].  
 
 
Fig. 10. Magnetic field dependence of transport critical 
current density for pure and Sn added (Sr,K)-122 
superconductors at 4.2 K. The critical current is 180 A at 
4.2 K in self-magnetic field. [25].  
 
Togano et al. reported that large transport critical 
current densities observed in Ag-added (Ba,K)Fe2As2 
((Ba,K)-122) superconducting wires prepared by an 
ex-situ PIT process [23]. The wire has a simple composite 
structure sheathed only by Ag. A precursor bulk material 
prepared by a melting process was ground into powder and 
put into a Ag tube. Transport critical current densities, 
       A/cm2,  critical current of 60.7 A in self-field are 
obtained. In 10 T,        A/cm2, and 6.6 A are observed.  
Moreover, Fujioka et al. reported ex-situ fabrication of 
superconducting Sm-1111 wire by using a binder 
composed method [24]. The critical temperature is 36 K 
and the critical current density is about 4 kA/cm
2
 at 4.2 K. 
The critical current is 30 A. It is expected that the higher 
critical current will be achieved by optimizing the binder 
composition and/or amount in the sintering process. 
Recently, Gao et al. reported the performance of grain 
alignment in Sn-added Sr1-xKxFe2As2 superconducting 
tapes with Fe sheath prepared by ex-situ powder-in-tube 
method. At 4.2 K, high transport critical current densities 
of        A/cm2 (critical current of 180 A) in self-field 
and         A/cm2 (critical current 25.5 A) in 10 T have 
been measured as shown in Fig. 10.  
Therefore, the critical current density and the critical 
current in FeAs-based superconductors increase very 
rapidly in these years. Further increase in the critical 
current density will be achieved by development of 
fabrication technique. It is important to estimate the correct 
value of the critical current density and to know the reason 
for the  obstacles for the current flow. 
6. CONCLUSIONS 
In the present review paper, the characteristics of the 
critical current density in FeAs-based superconductors are 
estimated by several methods. And the results the two 
kinds of critical current densities, i.e., the local and global 
critical current densities are discussed.  Although the local 
6
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critical current density in the grains is in the order of 10
11
 
A/m
2
, the global critical current density though the grain is 
10
3
 times smaller than the local critical current density. 
The history effect is observed where two kinds of the 
critical current densities exist. Therefore, it is useful to 
observe the history effect to estimate the local and global 
critical current densities for further development of the 
performance of transport current. 
The condensation energy density which is directly 
connected to the characteristics of the critical current 
density is estimated from the result of critical current 
density before and after the heavy ion irradiation. The 
condensation energy density is enough high as cuprate 
superconductors and the temperature dependence is same 
to RE-123 superconductors. Therefore, the application 
near the critical temperature is expected. 
Sn-added (Sr, K)-122 wire prepared by PIT method with 
Fe sheath and ex-situ powder.  The critical current of 180 
A and critical current density of        A/cm2 is 
obtained in self-field. The performance of critical current 
density is getting better and better, year by year. Therefore, 
further increase in the critical current density in 
FeAs-based superconductor is expected.  
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